INTRODUCTION
Today, cancer is one of the major causes of death worldwide. In traditional medicine, some medicinal plants have been used for treatment of cancer. Species from the Goniothalamus genus (Family Annonaceae) have been used in traditional medicine to treat different diseases. Styryl lactones are a group of secondary metabolites, mainly isolated from the Goniothalamus species that have demonstrated cytotoxicity towards different human tumor cells (1) (2) (3) . The synthetic chemist today have an essential role to play in the development of efficient syntheses of these compounds and their analogues, to optimize
The newly synthesized styryl lactones isomers were analyzed by RP-HPLC using methanol-water eluent with five different volume fractions of methanol (60-70 v/v), as described in our previous paper (12) . The constants of the linear relationship between the retention of compounds, log k, and volume fraction of methanol, φ (log k = log k o + Sφ), log k o and S were used for QSRR modeling.
Molecular descriptors
Fourteen log P values for the compounds tested were taken from the literature (12) . Calculation of the other physicochemical characteristics of the compounds was performed using Molinspiration online program (13). Pharmacokinetic parameters were calculated using acd/i-lab-2.0 software package (14).
Chemometric regression
Processing of the results was done using linear regression and multiple linear regression. Graphing and statistical analysis were performed with the software package OriginPro 8 and NCSS 2007 (15) . The validation was performed using the following parameters: squared correlation coefficient (R 2 ) and adjusted R 2 (R 2 adj ), Fisher test (F), root mean square error (RMSE), cross-validation coefficient (R 2 cv ), predicted residual error sum of squares (PRESS), total sum of squares (TSS), variance inflation factor (VIF). 
RESULTS AND DISCUSSION

Chromatographic lipophilicity parameters
The 2D structural formulas and the names of examined compounds are presented in Table 1 . The molecules 7(R)-(1-5) and 7(S)-epimers (1a-5a) have a common structural segment, furano-furone bicyclic core tetrahydro-furo[3,2-b]furan-2-one. The retention and retention parameters log k o and S of the linear relationship between the retention (log k) and volume fractions of methanol (φ MeOH ) in the methanol-water eluent (log k = log k o + Sφ) from our previous paper (12) are shown in Table 2 and Figure 1 . Table 1 . The 2D structural formulas and the names of examined compounds
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Compound structure and name The retention sequence of the examined compounds is based on their polarity, more exactly on their hydrophobicity. The highest polarity isomers 1 and 1a, which have OH function, are the least hydrophobic and have the smallest retention, log k o , typically when a reversed phase mechanism is present. Namely, the retention in reversed-phase liquid chromatography occurs due to non-specific hydrophobic interaction of the solute with the stationary phase. The hydrophobic nature of the molecule and retention increase by introducing a cyclic ring, and/or cinnamic acid ester groups (compounds 2-5a). The constant S decreases with the increase in the hydrophobicity of the compounds (Figure 1 ).
The isomeric pairs 1 and 1a, 4 and 4a, 5 and 5a, have an almost the same retention (Table 2) . However, the retention of the isomeric pairs 2 and 2a as well as 3 and 3a are significantly different from one another (Δlog k o (2-2a)=0.4304; Δlog k o (3-3a)=0.6204. In addition, the 7(R)-configured epimers 2 and 3 have higher retention than 7(S)-epimers 2a and 3a, (Table 2) . Also, the isomers 3 and 3a with cinnamoyl function at the 7C-position have higher retention than the isomers 2 and 2a, which have a phenyl function in the same position (Figure 1 ), suggesting that the cinnamoyl function increases the hydrophobicity of the compounds. The retention behavior of these molecules can be explained by their structural features. Thus, compounds 1, 1a, 4, 4a, 5 and 5a have at least one free hydroxyl group. Therefore, they have a higher affinity toward the mobile phase, where their retention is less dependent on the stereochemistry. In contrast, the very lipophilic molecules 2, 2a, 3 and 3a have a higher affinity for the stationary phase (C 18 ), whereby their lipophilicity depends significantly on the spatial orientation of the aromatic rings. As can be seen in Figure 2 , the aromatic residues of molecules 2 and 3 are exo-oriented relative to the tetrahydrofurodioxine bicyclic ring system. Therefore, they are spatially more accessible for binding with the hydrophobic stationary phase, and show a higher retention. On the other hand, the endo-oriented aromatic groups in the compounds 2a and 3a are sterically more hindered, and therefore their binding to the stationary phase is weaker, resulting in a minor retention. It is evident from Figure 3 and Equations 1 and 2 that the chromatographic retention constant log k o and S could be successfully applied to predict lipophilicity of the styryl lactone isomers since the correlation coefficient of the linear regressions was satisfactory, i.e. R 2 > 0.64. These results are consistent with several literature data (16) (17) (18) (19) .
Correlation of the retention constants and pharmacokinetic predictors
In order to analyze the influence of lipophilicity on the biological activity of the compounds, the lipophilic chromatography constants log k o and S (Table 2) are correlated with the in silico pharmacokinetic properties: volume of distribution (V d ), constant of adsorption (k a ), plasma protein binding affinity (PPB), human effective permeability in jejunum (Peff), and logarithm of the blood-brain barrier partition coefficient (log BBB). The pharmacokinetic predictors, calculated using the computation program i-lab 2.0 (14), are presented in Table 3 . Some physicochemical properties of the tested compounds calculated by the same program are given in Table 4 . 
Original scientific paper Table 4 . In silico molecular descriptors for the investigated compounds The apparent volume distribution in the body (V d ) is a key pharmacokinetic parameter which determines the extent of compound distribution. It represents a measure of the relative partitioning of the compound between the plasma (the central compartment) and the tissues, and depends on its lipophilicity (20) . Compounds that are highly lipophilic tend to bind to the tissue components (e.g. proteins, lipids), and their blood concentration is very low.
The styryl lactone isomers have a small volume of distribution (0.86-1.47 L/kg) ( Table (21), which estimates the compounds absorption, satisfactory absorption or permeation can be expected, since all of the compounds analyzed have less than 5 H-bond donors, 10 H-bond acceptors, the molecular weight smaller than 500, and the calculated log P (Clog P) bellow 5 (or MLog P bellow 4.15), (Table 4) . The absorption constants, k a have a small value, 0.041-0.060 min -1 (Table 3) , indicating a quite short absorption half-times of the test compounds (17, 18) .
By using the correlation k a to log k o or S and HBD we obtain the best following multiple regression model: 
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The equations [7] and [8] shows that the lipophilicity of the compounds has a dominant influence on k a . The analysis of Linnankoski et al. (22) showed that the most important parameters describing log k a of 22 structurally diverse drugs were polar surface area (PSA), the number of hydrogen bond donors (HBD) and octanol-water partition coefficient at pH 6.0 (logD 6.0 ). Milošević et al. (18) tested also multiple linear models and the best statistical parameters were found when log k a of the seco-androstene derivatives was presented as a function of the retention constant R M o , MW and TPSA Many cоmpоunds bind reversibly to plasma proteins, among which mainly plasma albumin, lipoproteins and glycoproteins are involved. Plasma protein binding (PPB) is important in pharmacokinetics, since it influences the volume of distribution, degree of metabolism and rate of elimination. The compound molecules that are bound to plasma protein cannot permeate through cell membranes by passive transcellular or paracellular permeation. The highest degree of binding to plasma protein have the isomers 5 and 5a (Table 3 ). In the plasma, the isomers 1 and 1a, 4 and 4a, 5 and 5a are bound to the human serum albumin (HSA), and the isomers 2 and 2a, 3 The best Peff model Winiwarter et al. (23) was obtained based on 13 passively transcellularly absorbed compounds using the variables HBD, PSA and either log D 5.5 or log D 6.5 (octanol/water distribution coefficient at pH 5.5 and 6.5, respectively).
Good blood-brain barrier (BBB) penetration is necessary for central nervous system (CNS) drugs. However, the drugs for therapy in peripheral tissues may cause side effects in the brain; therefore, it is desirable that they have minimal penetration into the brain. Permeation of drugs through the blood-barrier is usually described as log BBB=log (c brain /c blood ), where c brain and c blood are the equilibrium concentration of a drug in the brain and blood, respectively. Table 3 shows that the isomers 1 and 1a have low log BBB and a limited absorption through the BBB. The isomers 2-5a have moderate log BBB (0.46-0.77) and poor penetration to the brain can be predicted for them (24) . There was no significant correlation between log BBB and log k o and S. These results are expected because all isomers violate one to four Clark's rules (25) , as indicated by bold in Table 4 . In addition, certain of these compounds show cytotoxicity towards cancer cells of some of internal organs in the human body (7, 8) .
CONCLUSION
The RP-HPLC method was used to evaluate lipophilic properties of some styryl lactone isomers. The retention constants log k o i S were recommended for lipophilicity expression of the examined isomers. The influence of stereostructure of the isomers on their lipophilicity was observed only among tricyclic isomers. The lipophilicity of all compounds significantly influences the pharmacokinetic parameters Vd, k a , PPB and Peff. In addition to lipophilicity, a significant molecular descriptors which influenced Vd was Ka HSA , whereas k a and Peff were significantly influenced by HBD. The examined styryl lactone isomers violate Clark′s rules that favor brain permeation.
